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METHOD AND COMPOSITION FOR 
POTENTIATING AN OPIATE ANALGESIC 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application claims the benefit of 
5 U.S. provisional patent application Serial No. 
60/446,232, filed February 10, 2003. 

FIELD OF THE INVENTION 

The present invention relates to the 
treatment of pain using an opiate analgesic and an 

10 inhibitor of calcium calmodulin dependent protein 

kinase (CaMKII) . The composition and method permit 
prevention, reduction, or reversal of tolerance to 
an opiate analgesic in an individual undergoing 
opiate analgesic treatment by administering a ther- 

15 apeutically effective amount of an inhibitor of 

CaMKII. * The present composition and methods also 
reduce the incidence of opiate analgesic addiction. 

BACKGROUND OF THE INVENTION 

One of the most significant health prob- 
20 lems is an inadequate control of pain, especially 
chronic pain associated with diseases such as can- 
cer, back pain, arthritis, and diabetic neuropathy. 
It is estimated that the annual cost for health care 
and lost productivity related to pain is over $100 
25 billion in the U.S. One survey reported that nearly 
one-third of the U.S. population experiences chronic 
pain at some point in life. The impact of pain on 
society is measured not only in economic numbers, 
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but, more importantly, by suffering. For example, 
more than 50 million Americans are partially or 
totally disabled by chronic pain, which accounts for 
about one-fourth of all workdays lost annually. 
5 Analgesics are agents that relieve pain by 

acting centrally to elevate pain threshold, prefer- 
ably without disturbing consciousness or altering 
other sensory functions. A mechanism by which anal- 
gesic drugs obtund pain (i.e., raise the pain 

10 threshold) has been formulated. Research in this 

area has resulted in the development of a number of 
opiate and opioid analgesics having diverse pharma- 
cological actions. While opioid analgesics remain 
the mainstay for pain treatment, prolonged use of 

15 these drugs leads to tolerance that results in 

frequent dose escalation and increased side effects, 
such as altered cognitive state. 

Opioid analgesics remain the preferred 
therapy for the treatment of moderate to severe 

20 pain, and of many painful chronic diseases. How- 
ever, the chronic use of opioid drugs produces tol- 
erance to these drugs. Whereas tolerance develops 
to essentially all opioid effects at varying rates, 
an attenuated analgesic effect is the most devastat- 

25 ing clinic consequence because it leads to dose 

escalation and inadequate pain control, and possibly 
drug dependence. 

Effective pain therapies directed to pre- 
venting opioid tolerance have long been sought. The 

30 success of developing such effective therapies re- 
quires a better understanding of the underlying 
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tolerance mechanisms. Opioid receptor internaliza- 
tion, down-regulation, and uncoupling from G pro- 
teins (desensitization ) all have been proposed as 
potential mechanisms. However, no consistent 
5 changes have been identified (Nestler, 1994; Nestler 
et al., 1997). A phenomena called "cAMP upregula- 
tion" has been proposed as a biochemical correlation 
for opioid tolerance (Sharma et al., 1975; Wang et 
al., 1994; Nestler, 1994). This theory was expanded 

10 when linked to the regulation of protein kinase A 
(PKA) and CREB activation in cellular model of 
opioid tolerance (Nestler, 1994; Nestler, 1997) . 
However, studies with CREB mutant mice suggested 
that CREB may be a factor more important for opioid 

15 dependence (Maldonado et al. , 1996; Blendy et al . , 
1998). Inhibition of PKA has produced an incon- 
sistent effect on behavioral manifestations of 
opioid tolerance (e.g., Narita et al., 1995; Bilsky 
et al., 1996; Shen et al., 2000). 

20 Other studies found that blocking NMDA 

receptor antagonists could prevent the development 
of, or disrupt established, opioid tolerance 
(Trujillo et al., 1991; Mao et al., 1995). Central 
to these findings is increased intracellular Ca 2+ 

25 levels resulting from NMDA receptor activation and 
other neuronal activation. Calcium ion (Ca 2+ ) is 
used as a second messenger in neurons, leading to 
the activation various protein kinases, among them, 
Ca 2+ /phospholipids-dependent protein kinase (PKC) and 

30 Ca 2+ /calmodulin-dependent protein kinase II (CaMKII) . 
PKC has been implicated in opioid tolerance (Coderre 
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et al., 1994; Mao et al . , 1995; Granados-Soto et 
al., 2000; Narita et al., 2001). Mice lacking PKC 
exhibited significantly reduced opioid tolerance 
(Zeitz et al., 2001). NMDA receptors are known to 
5 interact with CaMKII by Ca 2+ influx and phosphoryla- 
tion. It is unclear from these studies, however, 
whether CaMKII plays a role in the development 
and/or maintenance of opioid tolerance. 

The available opiate and opioid analgesics 

10 are derivatives of five chemical groups (i.e., phen- 
anthrenes, phenylheptylamines , phenylpiperidines , 
morphinans, and benzomorphans ) . Pharmacologically, 
these opiates and ndnopiates differ significantly in 
activity. Some are strong agonists (morphine) , 

15 while others are moderate-to-mild agonists (co- 
deine) . In contrast, some opiate derivatives 
exhibit mixed agonist-antagonist activity (nal- 
buphine) , whereas others are . opiate antagonists 
(naloxone) . Morphine is the prototype of the opiate 

20 and opioid analgesics, all of which have similar 
actions on the central nervous system. 

Morphine is an alkaloid chemically derived 
from opium papaver somniferum. Other drugs, such as 
heroin, are processed from morphine or codeine. 

25 Such opiates have been used both medically and non- 
medically for centuries. By the early 19th century, 
morphine had been extracted in a pure form suitable 
for solution. With the introduction of the hypo- 
dermic needle, injection of a morphine solution be- 

30 came the common method of administration. Of the 
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twenty alkaloids contained in opium, only codeine 
and morphine are still in widespread clinical use. 

The opiates are among the most powerfully 
acting and clinically useful drugs producing depres- 
5 sion of the central nervous system. Drugs of- this 
group are used principally as analgesics, but 
possess numerous other useful properties. Morphine, 
for example, is used to relieve pain, induce sleep 
in .the presence of pain, check diarrhea, suppress 
10 cough, ease dyspnea, and facilitate anesthesia. 

However, morphine also depresses respir- 
ation; increases the activity and tone of the smooth 
muscles of the gastrointestinal, biliary, and uri- 
nary tracts causing constipation, gallbladder spasm, 
15 and urinary retention; causes nausea and vomiting in 
some individuals; and can induce cutaneous pruritus. 
In addition, morphine and related compounds have 
other properties that tend to limit their useful- 
. ness. 

20 For example, when morphine and related 

compounds are administered over a long time period, 
tolerance to the analgesic effect develops, and the 
dose then must be increased periodically to obtain 
equivalent pain relief,. Eventually, tolerance and 

25 physical dependence develop, which, combined with 
euphoria, result in excessive use and addiction of 
those patients having susceptible personalities. 
For these reasons, morphine and its derivatives must 
be used only as directed by a physician (i.e., not 

30 in greater dose, more often, or longer than pre- 
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scribed) , and should not be used to treat pain when 
a different analgesic will suffice- 
Nevertheless, morphine remains the major 
drug for the treatment of moderate to severe pain 
5 (Foley, 1993) . Opioids particularly are used to 

treat chronic painful conditions lacking a standard 
treatment, such as cancer pain, posttraumatic pain, 
postoperative pain, and neuropathic pain. However, 
opioid painkillers have significant adverse side 

10 effects like respiratory depression, nausea, vomit- 
ing, dizziness, sedation, mental clouding, constipa- 
tion, urinary retention, and severe itching. 

These adverse side effects limit the use- 
fulness of opioids, like morphine, as painkillers. 

15 Therefore, several companies are developing a new 
generation of opioid painkillers, but advances in 
neuroscience have not progressed a sufficient extent 
to provide a significant breakthrough. Typically, 
companies are using proprietary technology to re- 

20 formulate opioid drugs, such as morphine, into 

branded painkillers with improved clinical benefits. 
To date, innovations in the field of opioid pain- 
killers have largely focused on increasing the con- 
venience of opioid drugs. For example, important 

25 advances have been made in opioid delivery, such as 
sustained release formulations and transmucosal 
delivery. 

CaMKII is a multifunctional calcium and 
calumodulin activated kinase, whose a and (3 isoforms 
30 are abundant in the central nervous system. A vast 
amount of information is available for the interac- 
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tion of CaMKII a isoform and NMDA receptor in long- 
term potentiation in hippocampal neurons, which is 
critical for learning and memory (e.g., Mayford et 
al., 1996). Glutamate can activate CaMKII through 
5 NMDA receptor and Ca 2+ influx in cultured rat hippo- 
campal neurons (Fukunaga et al., 1992). Calcium 
influx via NMDA receptors results in activation and 
Thr286 autophosphorylat ion of CaMKII (Strack et al., 
1998; Strack et al., 2000). On the other hand, 

10 CaMKII phosphorylates and activates the NMDA recep- 
tor, and enhances Ca 2+ influx through the channel 
(Kitamura et al., 1993). 

No direct information exists for the role 
of CaMKII or NMDA/ CaMKI I interaction in opioid tol- 

15 erance. Indirectly, chronic opioid administration 
increases both the level (Lou et al., 1999) and 
activity (Nehmad et al., 1982) of calmodulin, as 
well as calmodulin mRNA levels (Niu et al., 2000). 
Cytosolic free Ca 2+ also can be increased after 

20 treatment with opioids (Fields et al., 1997; Quillan 
• et al., 2002). CaMKII also has been shown to phos- 
phorylate and activate the cAMP response element 
binding protein (CREB) (Hokota et al., 2001). More 
direct evidence arose from the finding that CaMKII 

25 and \i opioid receptor (yOR) are colocalized in the 
superficial layers of the spinal cord dorsal horn, 
an area critical for pain transmission (Bruggemann 
et al., 2000). The cloned pOR contains several 
consensus sites for phosphorylation by CaMKII 

30 (Mestek et al., 1995). Desensi tization of yOR was 
enhanced when CaMKII was overexpressed (Mestek et 
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al., 1995; Koch et al . , 1997). Recently, hippo- 
campal, but not striatal, CaMKII was found to modu- 
late opioid tolerance and dependence by affecting 
memory pathways (Fan et al., 1999; Lou et al., 
5 1999) . The role of spinal CaMKII in opioid toler- 
ance is unknown. 

The present invention is directed to the 
discovery that some pharmacological actions of mor- 
phine can be modified by coadministration of an 
10 inhibitor of CaMKII, hereafter termed a "CaMKII. 
inhibitor . " 

SUMMARY OF THE INVENTION 

Opioid analgesics are a mainstay in the 
field of pain treatment. However, the use of opi- 

15 oids to treat chronic pain leads to development of 
drug tolerance. A method and/or composition that 
prevents and/or reverses opioid tolerance would pro- 
vide improved pain control in a large population of 
patients inadequately treated with opioid analgesics 

20 alone. 

The present invention is directed to use 
of a CaMKII inhibitor in chronic pain therapy in- 
volving opiate analgesics, or administration of a 
CaMKII inhibitor to patients who develop a tolerance 

25 and/or addiction to opiate analgesics. Prevention 

or reversal of opiate tolerance by administration of 
a CaMKII inhibitor requires lower doses of opiate 
analgesics to treat pain, thus reducing the severity 
of various adverse side effects associated with high 

30 doses of opiate analgesics. 
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Accordingly, one aspect of the present 
invention is to provide a composition comprising a 
CaMKII inhibitor for use in treating pain in com- 
bination with an opiate analgesic, e.g., morphine. 
5 The present invention also is directed to 

a method of reducing, reversing, or preventing tol- 
erance to an opiate analgesic in an individual 
undergoing an opiate analgesic therapy by adminis- 
tering a CaMKII inhibitor to the individual. In the 

10 absence of an administered dose of a CaMKII inhib- 
itor, the opiate analgesic dose would have to be 
increased over time to achieve the same pain-reduc- 
ing effect- Administration of a CaMKII inhibitor 
allows the opiate analgesic to be administered at a 

15 constant, or reduced, dose to achieve a desired pain 
treatment. Administration of a CaMKII inhibitor to 
a patient who already developed tolerance to the 
opiate analgesic restores the effectiveness of a low 
dose of opiate analgesics. The constant or reduced 

20 amount of opiate analgesic required to provide a 

desired pain-reducing effect thus reduces the sever- 
ity of various adverse side effects associated with 
opiate analgesic treatment, and reduces the possi- 
bility of opiate analgesic dependence. 

25 The present invention also provides a 

method for improved pain treatment. In particular, 
the present invention is directed to methods of 
administering an opiate analgesic and a CaMKII 
inhibitor to prevent and/or treat chronic pain. 

30 More particularly, the present invention is directed 
to compositions containing an opiate analgesic, like 
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morphine, and a CaMKII inhibitor, and to use of an 
opiate analgesic and a CaMKII inhibitor, adminis- 
tered simultaneously or sequentially, in methods of 
treating pain, and reducing, reversing, and prevent- 
5 ing opiate analgesic tolerance and dependence. 

An important aspect of the present inven- 
tion, therefore, is to provide a method and composi- 
tion for preventing or treating pain, while reducing 
the occurrence or severity of adverse side effects 

10 . associated with opiate analgesic treatment. 

Another aspect of the present invention is 
to reduce the problem of dependence and addiction 
associated with present opiate analgesics used to 
treat pain by administration of a therapeutically 

15 effective amount of a CaMKII inhibitor to an indi- 
vidual undergoing opiate analgesic treatment. 

Still another aspect of the present inven- 
tion is to provide a method of reducing or reversing 
opiate analgesic tolerance in an individual under- 

20 going an opiate analgesic therapy by administering a 
therapeutically effective amount of a CaMKII inhib- 
itor to the individual. 

Yet another aspect of the present inven- 
tion is to provide an article of manufacture for 

25 human pharmaceutical use, comprising (a) a package 
insert, (b) a container, and either (cl) a packaged 
composition comprising an opiate analgesic and a 
CaMKII inhibitor or (c2) a packaged composition com- 
prising an opiate analgesic and a packaged composi- 

30 tion comprising a CaMKII inhibitor. 
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Another aspect of the present invention is 
to provide a method of screening candidate compounds 
for a CaMKII inhibitor by monitoring CaMKII activity 
and expression in morphine-tolerant rats and cell 
5 models. 

These and other aspects of the present in- 
vention will become apparent from the following de- 
• tailed description of the preferred embodiments of 
the invention. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows the detection of active 
CaMKII in SH-SY5Y human neuroblastoma cells by a 
Western blotting method; 

Fig. 2 contains bar graphs for cAMP 
15 (pmol/mg protein/15 min) for morphine inhibited cAMP 
accumulation in SH-SY5Y cell in the presence (MS) 
and absence (control) of morphine; 

Fig. 3 contains* bar graphs for MPE% for a 
placebo, morphine treated, and morphine/KN93 treated 
20 groups; 

Fig. 4 contains plots showing that mor- 
phine treatment increased CaMKII activity; 

Figs. 5-7 contain bar graphs showing that 
a CaMKII inhibitor dose-dependently reverses estab- 
25 lished opioid tolerance, prevents opioid tolerance, 
and prevents opioid dependence; and 

Figs. 8-9 contain bar graphs showing that 
a CaMKII inhibitor reverses established opioid 
tolerance and reverses established opioid depen- 
30 dence. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Currently no therapy or adjuvant therapy 
exists for the prevention or reversal of opioid tol- 
erance. When tolerance occurs, which is inevitable 
5 in all prolonged users of an opiate analgesic, the 
treatment choice is dose-escalation, which leads to 
increased adverse side effects, including a higher 
probability of drug dependence. In some cases, tol- 
erance occurs so dramatically and quickly that even 

10 a large dose increase may not control pain. 

The present invention is directed, to the 
simultaneous or sequential administration of an 
opiate analgesic and a CaMKII inhibitor to prevent 
and/or treat pain. In particular, administration of 

15 morphine and a CaMKII inhibitor to rats shows that a 
CaMKII inhibitor restores the effectiveness of mor- 
phine in animals that are tolerant to even very 
large doses of morphine. Accordingly, the dose of 
morphine can be reduced, while providing an anal- 

20 gesic effect equivalent to administering a higher 
dose of morphine alone. The reduced dose of mor- 
phine also reduces adverse side effects associated 
with morphine administration, and can significantly 
reduce the addiction potential of morphine in sus- 

25 ceptible individuals. 

The present invention also is directed to 
the administration of a CaMKII inhibitor to an indi- 
vidual undergoing an opiate analgesic therapy to re- 
duce or reverse opiate analgesic tolerance in the 

30 individual. The administration of a CaMKII inhib- 
itor allows the dose of an opiate analgesic to re- 
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main constant, or to be reduced, while maintaining 
the desired pain-reducing effect. By reducing or 
reversing tolerance to an opiate analgesic, the 
occurrence of adverse side effects can be reduced, 
5 and the possibility of opiate analgesic dependence 
is reduced. 

The present invention, therefore, provides 
compositions and methods of reducing or reversing 
tolerance to opiate analgesics, thus potentiating 

10 the analgesic properties of an opiate analgesic. 

The present invention also provides pharmaceutical 
compositions comprising an opiate analgesic and a 
CaMKII inhibitor. Further provided are articles of 
manufacture comprising an opiate analgesic and a 

15 CaMKII inhibitor, packaged separately or together, 
and an insert having instructions for using the 
active agents . 

The methods described herein benefit from 
the use. of an opiate analgesic and a CaMKII inhib- 

20 itor in the treatment and management of pain. The 
analgesic and CaMKII inhibitor can be administered 
simultaneously or sequentially to achieve the de- 
sired effect of pain treatment or reduction or 
reversal of opiate analgesic tolerance . 

25 For the purposes of the invention dis- 

closed herein, the term "treatment" includes pre- 
venting, lowering, or eliminating pain. As such, 
the term "treatment" includes both medical thera- 
peutic and/or prophylactic administration, as 

30 appropriate. 
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The term "container" means any receptacle 
and closure therefore suitable for storing, ship- 
ping, dispensing, and/or handling a pharmaceutical 
product . 

5 The term "insert" means information accom- 

panying a product that provides a description of how 
to administer the product, along with the safety and 
efficacy data required to allow the physician, phar- 
macist, and patient to make an informed decision 
10 regarding use of the product. The package insert 
. generally is regarded as the "label" for a pharma- 
ceutical product. 

The phrase "reducing or reversing opiate 
analgesic tolerance" is defined as the ability of a 
15 . compound to reduce the dosage of an opiate ' analgesic 
administered to an individual to maintain a level of 
pain control previously achieved using a greater 
dosage of opiate analgesic. 

Several mechanisms have been proposed as 
20 playing a role in the action of morphine and mor- 
• . .phine tolerance and dependence. However, the me- 
chanisms underlying opioid tolerance is not entirely 
understood. A number of studies have been initiated 
to address signal transduction pathways that con- 
25 tribute to the behavioral manifestation of toler- 
ance. Those studies have greatly advanced under- 
standing of the mechanism of opioid tolerance, and 
potentially can lead to improved pain therapies. 

It now has been shown that calcium cal- 
30 modulin dependent protein kinase (CaMKII) is impor- 
tant in promoting and maintaining opioid tolerance. 
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•This finding is the result of tests using a rodent 
model for opioid tolerance based on a commercially 
available CaMKII inhibitor, i.e., KN93. Further 
support for this finding is the upregulation of 
5 CaMKII expression in rats that are tolerant to mor- 
phine. Thus, modulation of CaMKII signaling path- 
ways can be used to prevent and reverse opioid 
tolerance. The present invention, therefore, pro- 
vides a novel method of managing pain, reducing 
10 dependence on opioids, and reducing tolerance to 
opioids . 

Morphine is a major drug for the treatment 
of moderate to severe pain (Foley, 1993). Morphine 
primarily is used to treat severe pain associated 

15 with trauma, myocardial infarction, and cancer. 
Although, morphine is one of the most effective 
painkillers, effective pain management requires that 
adequate analgesia be achieved without excessive 
■ adverse side effects. Many patients treated with 

20 morphine are not successfully treated because of 
excessive adverse side effects and/or inadequate 
analgesia. For example, the use of morphine in the 
treatment of chronic pain is limited because of in- 
adequate analgesia . 

25 Management of excessive adverse side 

effects associated with morphine administration re- 
mains a major clinical challenge. Numerous strat- 
egies have been advanced to address this problem, 
such as (i) switching opioids, (ii) changing routes 

30 of opioid administration, (iii) improved opioid 
formulations, (iv) clonidine treatment, and (v) 
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coadministrating opioids that act on different 
receptors. 

A substantial research effort directed to 
the development of opioid analgesics resulted in the 
5 discovery of numerous compounds having a varying 
affinity and efficacy at all the known opioid re- 
ceptor subtypes. Although compounds of extremely 
high potency have been produced, the problem of 
tolerance to, and dependence on, these agonists 

10 persists (Williams et al., 2001). 

For example, the chronic administration of 
morphine results in the development of physical 
dependence, as evidenced by the appearance of dis- 
tressing physical symptoms induced by abrupt term- 

15 ination of morphine treatment. The signs and symp- 
toms simulate a severe cold, and usually include 
nasal discharge, lacrimation, chills, goose pimples, 
muscular aches, enhanced motor reflexes, profound 
body water loss attributed to hyperthermia, hyper- 

20 ventilation, emesis, and diarrhea (Himmelsbach, 
1943; Katz et al., 1986; Maldonado et al., 1996; 
Quock et al., 1968). It is well known that various 
types of opioid receptors are involved in the devel- 
opment of the psychological and physical dependence 

25 on opioids. 

The opioid receptors have been classified 
as y, 5, and k receptors, based on the relative 
affinity shown for experimental opioid receptor 
ligands. y-Opioid receptors have been reported to 

30 play a dominant role in several pharmacological 
effects of morphine. 
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Role of p-opioid receptors 

An intracerebroventricular (i.c.v) injec- 
tion of a selective and irreversible p-opioid re- 
ceptor antagonist, i.e., (3-f unaltrexamine ((S-FNA), 
5 drastically antagonizes morphine induced anti- 

nociception (Portoghese et al., 1980; Takemori et 
al., 1981; Ward et al., 1982). p-FNA also inhibits 
the development of physical dependence on morphine 
in rats (Aceto et al., 1986; DeLander et al., 1984). 

10 Administration of a selective p-opioid receptor 

antagonist, i.e., D-Phe-Cys-Tyr-D-Trp-Arg-The-Pen- 
Thr-NH 2 , into the lateral cerebral ventricle 72 
hours after subcutaneous implantation of two 75 mg 
pellets of morphine in rats induces a severe with- 

15 drawal syndrome (Maldonado et al . , 1992). The 

knockout mice with deleted p-opioid receptors dis- 
play neither analgesia from morphine or other clin- 
ically used opiates, nor expression of naloxone- 
precipitated withdrawal symptoms including jumping 

20 and body weight loss (Matthes et al., 1996). This 

data and other pharmacological studies indicate that 
the p-opioid receptors predominantly mediate the 
analgesic and rewarding effect of opioids. 

Role of 5 -opioid receptors 

25 Studies suggest that an interaction exists 

between p- and 5-opioids. It has been found that at 
subantinocicept ive doses, 5-opioid receptor agonists 
modulate antinociceptive responses to y-opioid re- 
ceptor agonists in mice (Jiang et al., 1990). Mor- 
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phine acts mainly at the y-receptor sites, but also 
can interact with 5-opioid receptors in vivo and in 
vitro (Narita et al., 1993). 5-0pioid receptor 
antagonists do not effect morphine antinociceptive 
5 action. However, the selective blockade of 6-opioid 
receptors by naltrindole (NTI) inhibits the develop- 
ment of physical dependence on morphine (Suzuki et 
al. , 1997) . 

Role of K-opioid receptors 

10 Increasing evidence indicates that activa- 

tion of K-opioid receptors opposes a variety of p- 
opioid receptor mediated actions throughout the 
brain and spinal cord (Pan, 1998). Treatment with 
nor-binaltorphimine (nor-BNI) , a selective K-opioid 

15 • receptor antagonist, when compared to naloxone, did 
not precipitate weight loss or other withdrawal 
signs in morphine-dependent mice (Cowan et al., 
1988). Pretreatment with nor-BNI during chronic 
morphine treatment displays aggravation of weight 

20 loss precipitated by naloxone in morphine-dependent 
mice and rats (Suzuki et al., 1992). These studies 
indicate that antagonism of endogenous K-opioidergic 
system apparently elicits a potentiating effect on 
some morphine-withdrawal signs, including weight 

25 loss. Stimulation of endogenous K-opioidergic sys- 
tem therefore should attenuate morphine withdrawal 
symptoms. Dynorphin A has been reported to inhibit 
morphine withdrawal symptoms induced by naloxone 
precipitation or morphine discontinuation in mor- 

30 phine dependent animals (Suzuki et al., 1992). 
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However, 3, 4 -dichloro-N-methyl-N- [2- ( 1 -pyrrolidin- 
yl) cyclohexyl ] benzeneacetamide (i.e., U-50,488H), a 
selective K-opioid receptor. agonist, did not sup- 
press the development of physical dependence on mor- 
5 phine in rats (Fukagawa et al., 1989). This differ- 
ence has been attributed to the action of dynorphin 
A on all three subtypes of K-opioid receptors, while 
U-50,488H acts mainly on Ki-opioid receptor subtype 
(Narita et al., 2001). 
10 In summary, p- and 5-opioid receptors show 

morphine-like withdrawal symptoms, while K-opioid 
agonists do not. An opposing interaction occurs 
between ja/5-opioid agonists and K-opioid agonists. 

Role of nonopioid receptors in morphine actions 

15 Numerous studies, including molecular . and 

genetic approaches, suggest a substantial role of ]a- 
opioid receptors in the development of morphine- de- 
pendence and in numerous other actions of morphine. 
However, other systems also are involved. A role . 

20 for 5-HT and cholecystokinin systems, as well as N- 
methyl-D-aspartate (NMDA) receptors, in opioid place 
. conditioning has been proposed (Van Ree et al., 
1999) . 

In particular, a number of studies have 
25 implicated important roles of NMDA receptor and pro- 
tein kinase C mediated phosphorylation in opioid 
tolerance. NMDA receptors also can be regulated 
upon phosphorylation by calcium calmodulin kinase II 
(CaMKII) . However, no direct evidence links the 
30 latter with opioid tolerance. 
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It has been widely reported that proto- 
typical NMDA receptor antagonists dizocilpine and 
ketamine, which have similar affinity for NR1/NR2A 
and NR1/NR2B receptors (Varney et al . , 1996), sup- 
5 press morphine-induced place preference (Avenet et. 
al., 1997; Tzschentke et al., 1995). Evidence is 
■ accumulating that the NR2B subunit of NMDA receptors 
in the nucleus accumbens may be involved in the re- 
warding effect of morphine (Standaert et al., 1994; 

10 Watanabe et al., 1993). Neuroadaptive changes in 
specific brain regions that generate opioid depen- 
dence have been identified as noradrenergic trans- 
mission originating in the locus ceruleus, and most 
likely play the primary causal role in the expres- 

15 sion of physical dependence- on opioids. In con- 
trast, a combination of behavioral and neurobiolog- 
ical studies point to the mesolimbic dopaminergic 
pathway projecting from the ventral tegmental area 
to the nucleus accumbens as a critical site for the 

20 initiation of psychological dependence on opioids. 

In accordance with an important feature of 
the present invention, it has been discovered that 
chronic actions of morphine and related opioids 

25 (e.g., tolerance and dependence), but not the acute 
action of morphine and related opioids (e.g., anal- 
gesia), can be modulated by CaMKII inhibitors. This 
approach is particularly useful for the management 
of symptoms of morphine withdrawal . 

30 In accordance" with another important 

feature of the present invention, an opiate analge- 
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sic is present in a composition, or is administered, 
'with a CaMKII inhibitor in a weight ratio of anal- 
gesic-to-inhibitor of about 0.01:1 to about 100.: 1, 
preferably about 0.02:1 to about 50:1, and most 
5 preferably about 0.1:1 to about 10:1. This ratio 
depends upon the type and identity of opioid anal- 
gesic and CaMKII inhibitor being used. The ratio of 
analgesic-to-inhibitor that is administered is de- 
pendent upon the particular analgesic and inhibitor 

10 used, and the origin and severity of the pain being 
treated. This ratio can be readily determined by a 
person skilled in the art to achieve, the desired 
reduction in pain. 

An opiate analgesic utilized in the pres- 

15 ent invention can be one or more opium alkaloid or 
semisynthetic opiate analgesic. Specific opiate 
analgesics include, but are not limited to, (a) 
opium; (b) opium alkaloids, such as morphine, mor- 
phine sulfate, codeine, codeine phosphate, codeine 

20. sulfate, diacetylmorphine, morphine hydrochloride, 
morphine tartrate, and diacetylmorphine hydrochlor- 
ide; and (c) semisynthetic opiate analgesics, such 
as dextromethorphan hydrobromide, hydrocodone bi- 
tartrate, hydromorphone, hydromorphone hydrochlor- 

25 ide, levorphanol tartrate, oxymorphone hydrochlor- 
• ide, and oxycodone hydrochloride. Other opioids 
include, but are not limited to, fentanyl, meperi- 
dine, methodone, and propoxyphene. 

A CaMKII inhibitor utilized in the present 

30 invention can be any of the CaMKII inhibitors known 
in the art. The CaMKII inhibitors include, but are 
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not limited to, chemical inhibitors that operate on 
the catalytic and regulatory, linker, association, 
and other domains of CaMKII; small peptides based on 
the CaMKII protein sequence, capable of specifically 
5 inhibiting CaMKII; antisense oligonucleotide inhib- 
itors; and short interfering RNA duplexes (siRNA) . 

Specific CaMKII inhibitors include, but 
are not limited to: 

1 . Chemical inhibitors 

10 A. Inhibitors that operate on the catalytic and 

regulatory, linker, and association domains of 
CaMKII 

KN62 (Kamiya Biomedical, Thousand Oaks, CA) 
KN93 
15 H89 

HA1004 
HA1077 

Autocamtide-2 related inhibitory peptide (AIP) , and 
the myristoylated form thereof 
20 K-252a 

Staurosporine 
Lavendustin C 



B. Calcium chelators 

BAPTA, tetrasodium salt 
25 5, 5 1 -Dibromo-BAPTA, tetrasodium salt 
BAPTA/AM 

5, 5 ' -Dif luoro-BAPTA/AM, 
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EDTA, tetrasodium salt (Ethylenediamine tetraacetic 
acid) 

EGTA (Ethylenebis ( oxyethylenenit rilo ) tetraacetic 
acid) 
5 EGTA/AM 
MAPTAM 
TPEN 

C. Calmodulin antagonists 

Calmidazolium chloride 
10 ' Calmodulin binding domain 
Chlorpromazine 
Compound 4 8/80 

Fluphenazine-N-2-chloroethane di hydrochloride 

Melittin 
15 Ophiobolin A 

Pentamidine isethionate 

Phenoxybenzamine 

Trif luoperazine 

W-5 
20 W-7 

W-12 

W-13 



2. Small peptides based on the CaMKII protein 
sequence 

25 CaMKII 290-309, (i.e., H-Leu-Lys-Lys-Phe- 

Asn-Ala-Arg-Arg-Lys-Leu-Lys-Gly-Ala-Ile-Leu-Thr-Thr- 
Met-Leu-Ala-OH) 

[Ala286] CaMKII Inhibitor 281-301 (i.e., 
MHRQEAVDCLKKFNARRKLKG ) 
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CaMKII Inhibitor 281-309 (i.e., 
MHRQETVDCLKKFNARRKLKGAILTTMLA) 

Similar longer, shorter, and neighboring 
protein sequences 

5 3 . Nucleic acid-based inhibitors 

The CaMKII inhibitors can be based on the 
use of nucleic acid-based techniques to block the 
expression of CaMKII, and, therefore, to perturb the 
activity of CaMKII. Polynucleotide gene products 

10 are useful in this endeavor include antisense poly- 
nucleotides, ribozymes, RNAi, and triple helix 
polynucleotides that modulate the expression of 
CaMKII. Antisense polynucleotides and ribozymes are 
well known to those of skill in the art. Crooke and 

15 B. Lebleu, eds . , "Antisense Research and Applica- 
tions" (1993) CRC Press; and' "Antisense RNA and DNA" 
(1988) D.A. Melton, Ed., Cold Spring Harbor Labora- 
tory Cold Spring Harbor, N.Y. Antisense RNA and' DNA 
molecules act to directly block the translation of 

20 mRNA by binding to targeted mRNA and preventing pro- 
tein translation. An example of an antisense poly- 
nucleotide is an oligodeoxyribonucleot ide derived 
from the translation initiation site, e.g., between 
-10 and +10 regions of the relevant nucleotide se- 

25 quence. 

Although antisense sequences may be 
directed against the full length genomic or cDNA of 
CaMKII, they also can be shorter fragments or oligo- 
nucleotides, e.g., polynucleotides of 100 or less 
30 bases. Although shorter oligomers (8-20) are easier 
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to prepare and are more permeable in vivo, other 
factors also are involved in determining the spe- 
cificity of base pairing. For example, the binding 
affinity and sequence specificity of an oligonucleo- 
5 tide to its complementary target increases with in- 
creasing length. It is contemplated that oligo- 
nucleotides of 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 
18, 19, 20, 25, 30, 35, 40, 45, 50, or more base 
pairs will be used. 

10 Ribozymes are enzymatic RNA molecules cap- 

able of catalyzing the specific cleavage of RNA. 
The mechanism of ribozyme action involves sequence 
specific interaction of the ribozyme molecule to 
complementary target RNA, followed by an endonucleo- 

15 lytic cleavage. Within the scope of the invention 
are engineered hammerhead or other motif ribozyme 
molecules that specifically and efficiently catalyze 
endonucleolytic cleavage of RNA sequences encoding 
protein complex components. 

20 Specific ribozyme cleavage sites within 

any potential RNA target are initially identified by 
scanning the target molecule for ribozyme cleavage 
sites which include the following sequences, GUA, 
GUU, and GUC. Once identified, short RNA sequences 

25 of between 15 and 20 ribonucleotides corresponding 
to the region of the target gene containing the 
cleavage site can be evaluated for predicted struc- 
tural features, such as secondary structure, that 
may render the oligonucleotide sequence unsuitable. 

30 The suitability of candidate targets also can be 

evaluated by testing their accessibility to hybridi- 
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zation with complementary oligonucleotides, using 
ribonuclease protection assays. See, PCT 
WO 93/2356,; and U.S. Patent No. 5,093,246. 

Nucleic acid molecules used in triple . 
5 helix formation for the inhibition of transcription 
generally are single stranded and composed of deoxy- 
ribonucleotides . The base composition is designed 
to promote triple helix formation via Hoogsteen base 
pairing rules, which generally require sizeable 

10 stretches of either purines or pyrimidines to be- 

present on one strand of a duplex. Nucleotide se- 
quences can be pyrimidine-based, which results in 
TAT and CGC+ triplets across the three associated 
strands of the resulting triple helix. The pyrim- 

15 idine-rich molecules provide base complementarity to 
a purine-rich region of a single strand of the 
duplex in a parallel orientation to that strand. In 
addition, nucleic acid molecules can be selected 
that are purine-rich, for example, containing a 

20 stretch of G residues. These molecules form a 

triple helix with a" DNA duplex that is rich in GC 
pairs, wherein the majority of the purine residues 
are located on a single strand of the targeted 
duplex, resulting in GGC triplets across the three 

25 strands in the triplex. 

Alternatively, the potential sequences 
that can be targeted for triple helix formation may 
be increased by creating a so called "switchback" 
nucleic acid molecule. Switchback molecules are 

30 synthesized in an alternating 5 f -3 ? ,. 3 f -5' manner, 
such that they base pair with first one strand of a 
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duplex and then the other, eliminating the necessity 
for a sizeable stretch of either purines or pyrim- 
idines to be present, on one strand of a duplex. 

Another technique that is of note for re- 
5 ducing the or disruption the expression of a gene is 
RNA interference (RNAi) . The term "RNA interfer- 
ence" was first used by researchers studying C. 
• elegans and describes a technique by which post- 
transcriptional gene silencing (PTGS) is induced, by 

10 the direct introduction of double- stranded RNA 
(dsRNA: a mixture of both sense and antisense 
strands). Injection of dsRNA into C. elegans re- 
sulted in much more efficient silencing than injec- 
tion of either the sense or the antisense strands 

15 alone (Fire et al., Nature, 391:806-811, 1998), 

Just a few molecules of dsRNA per cell is sufficient 
to completely silence the expression of the homol- 
ogous gene. Furthermore, injection of dsRNA caused 
gene silencing in the first generation offspring of 

20 the C. elegans indicating that the gene silencing is 
. inheritable (Fire et al., Nature, 392:806-811, 

1998) . Current models of PTGS indicate that short 
stretches of interfering dsRNAs (21-23 nucleotides; 
siRNA also known as "guide RNAs " ) mediate PTGS. 

25 siRNAs are apparently produced by cleavage of dsRNA 
introduced directly or via a transgene or virus. 
These siRNAs may be amplified by an RNA-dependent 
RNA polymerase (RdRP) and are incorporated into the 
RNA-induced silencing complex (RISC) , guiding the 

30 . complex to the homologous endogenous mRNA, where the 
complex cleaves the transcript. 
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While most of. the initial studies were 
performed in C. elegans, RNAi is gaining increasing 
recognition as a technique, that may be used in 
mammalian cell. It is contemplated that RNAi may be 
5 ■■ used to disrupt the expression of a gene in a 

• tissue-specific manner. By placing a gene fragment 
encoding the desired dsRNA behind an inducible or 
tissue-specific promoter, it should be possible to 
inactivate genes at a particular location within an 

10 organism or during a particular stage of develop- 
ment. Recently , RNAi has been used to elicit gene- 

• specific silencing in cultured mammalian cells using 
21-nucleotide siRNA duplexes (Elbashir et al., 
Nature, 411:494-498, 2001). In the same cultured 

15 cell systems, transfection of longer stretches of 
dsRNA yielded considerable. nonspecific silencing. 
Thus, RNAi has been demonstrated to be a feasible 
technique for use in mammalian cells and could be 
used for assessing gene function in cultured cells 

20 and mammalian systems, as well as for development of 
gene-specific therapeutics. 

Antisense RNA and DNA molecules, ribo- 
. zymes, RNAi and triple helix molecules can be pre- 
pared by any method known in the art for the syn- 

25 . thesis of DNA and RNA molecules. These include 

techniques for chemically synthesizing -oligodeoxy- 
ribonucleotides well known in the art including, but 
not limited to, solid phase phosphoramidite chemical 
synthesis. Alternatively, RNA molecules can be 

30 generated by in vitro and in vivo transcription of 
DNA sequences encoding the antisense RNA molecule. 
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. Such DNA sequences may be incorporated into a wide 
variety of vectors which incorporate suitable RNA 
polymerase promoters such as the T7 or SP6 polym- 
erase promoters. Alternatively, antisense cDNA 
5 constructs that synthesize antisense RNA consti- 
tutively or inducibly, depending on the promoter • 
used, can be introduced stably or transiently into 
• cells. 

Preferred CaMKII inhibitors include KN93, 
10 . KN62, CaMKII Inhibitor 281-309, and mixtures there- 
of. 

The following is a description of tests 
conducted to illustrate the potentiating effects of 
a CaMKII inhibitor on ain opiate analgesic adminis- 

15 tered to a mammal, including humans. 

Overall, the test results demonstrate, that 
a CaMKII inhibitor prevents the development of tol- 
erance to analgesic actions of opiate analgesics, 
like morphine. A CaMKII inhibitor also has been 

20 found to prevent or reverse both the development of 
tolerance to analgesic opiates and physical depen- 
dence. 

The present studies provide information 
that CaMKII promotes and/or maintains opioid toler- 

25 ance. Although some evidence exists that intracel- 
lular calcium and calmodulin can be increased after 
opioid treatment, it is not known if CaMKII can 
directly modulate opioid tolerance. The' finding 
that spinal CaMKII is an essential mediator of 

30 opioid tolerance is determined by 'the following 

experiments. In addition, the studies correlate the 
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inhibition of CaMKII with opioid tolerance. The re- 
sults of the present studies illustrate the role of 
spinal CaMKII in opioid tolerance, which led to the 
present novel pain therapy. 
5 Preliminary tests have shown that CaMKII 

is an important element in promoting and maintaining 
■ opioid tolerance. For example, it now has been 
shown that spinal calcium calmodulin kinase II 
(CaMKII) activity is increased in rats rendered 

10 tolerant to morphine. In addition, spinal adminis- 
tration of a CaMKII inhibitor can reverse morphine 
antinociceptive tolerance . ■ 

The following tests were performed to show 
that CaMKII is a key factor in promoting opioid 

15 tolerance: 1) investigation of the activation of 
CaMKII by acute treatment with morphine in SH-SY5Y 
cells, and the dose-response and time-course of this 
.effect; and 2) correlation of the activation of 
CaMKII and morphine antinociceptive tolerance in 

20 vivo. A CaMKII inhibitor is applied over a full 
dose range in a rat model of opioid tolerance to 
illustrate that inhibition of CaMKII reverses 
morphine antinociceptive tolerance . 

Al . Acute treatment with an opioid receptor agonist 
25 (morphine) activates CaMKII, which is reversed 

by an opioid receptor antagonist (naloxone) 

A test was performed to determine whether 
morphine activates CaMKII in human neuroblastoma SH- 
SY5Y cells. The test can be performed directly in 
30 animals, however, the experiments are performed more 
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quickly in a large scale, both for dose response and 
time course, in a cell line that endogenously ex- 
presses both opioid receptors and CaMKII. In addi- 
tion, establishment of such an effect in a cell line 
5 provides an in vitro model for additional studies 
directed to the mechanism of CaMKII activation by . 
opioids. The results of this test were compared and 
correlated to test results from in vivo, studies 
discussed below. 
10 A. Determination of the time course of 

CaMKII activation by morphine , and its reversal by 
naloxone 

SH-SY5Y cells were treated with a high 
concentration of morphine for various lengths of 

15 time to determine whether CaMKII is activated by 

morphine, as determined by Western blotting using a 
specific antibody recognizing activated CaMKII, and 
the time course thereof. Another test determined 
whether activation of CaMKII by morphine is blocked 

20 " by the opioid receptor antagonist naloxone. 

S. • Construction of the' dose response- 
curve of morphine in activating CaMKII 

SH-SY5Y cells were treated with increasing 
concentrations of morphine (0.1 nM to 100 yM) to 

25 determine the dose-dependent activation of CaMKII. 
The cells were treated with morphine for a suffi- 
cient duration to observe the peak activation 
effect, as determined in paragraph A above. The 
effect of morphine on CaMKII was compared to its 

30 inhibition of cAMP accumulation in SH-SY5Y cells 
(see following paragraph C) . 
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C. Testing the dose-response of morphine 
. on inhibition of cAMP accumulation 

Activation of opioid receptors leads to 
the inhibition of cAMP production via G protein 
5 /(Gi), which is used to determine the activation of 
opioid receptors by morphine. SH-SY5Y cells were 
challenged with increasing concentrations of mor- 
phine to construct a dose-response curve for inhibi- 
tion of cAMP accumulation. 

10 A2 . CaMKII expression and activity are regulated by 
opioid tolerance 

Experiments designed to directly test 
whether CaMKII is important in driving and/or main- 
taining opioid antinociceptive tolerance were per- 
15 formed. Changes in CaMKII expression and/or activ- 
ity were linked to the development of morphine anti- 
nociceptive tolerance, and compared to activation of 
CaMKII in cells from Al . above. 

A . Determination of whether morphine in- 
20 creases CaMKII expression and activity, and whether 

the changes exhibit a temporal correlation with the 
•development of morphine tolerance 

Rats first were made tolerant by subcutan- 
eous implantation of morphine pellets. Changes in 
25 • spinal CaMKII expression and activity in the toler- 
ant rats, compared to changes in placebo pelleted 
' rats, were analyzed over time. 

B. Determination of antinociceptive tol- 
erance to morphine 
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Antinociceptive tolerance to morphine was 
studied in rats receiving morphine pellets by con- 
structing dose-response curves for subsequent mor- 
phine administration, and by following, the decreas- 
5 ing morphine antinocicept ion over time. The onset 
of antinociceptive tolerance was correlated to the 
changes in spinal CaMKII expression, and activity. 

A3. A CaMKII inhibitor reverses opioid tolerance 

Tests were performed to further demon- 
10 strate the positive effects of a CaMKII inhibitor by 
correlating inhibition of CaMKII activity with the 
development of morphine antinociceptive tolerance. 
A selective CaMKII inhibitor, i.e., KN93, was used 
to inhibit CaMKII and reverse morphine tolerance. 
15 As a control, KN92 also was used. KN92 is a 

structural analog of KN93, but does not inhibit 
CaMKII. 

A . Inhibition of CaMKII by KN93 
KN93 was administered intrathecally 
20 (i.th.), and the time- and dose-dependent inhibition 
of CaMKII in the lumbar spinal cord was determined. 
Doses. of KN93 that produced significant inhibition 
of CaMKII activity were used for the studies dis- 
cussed below. 

25 B. Determination of whether KN93 re- 

verses an established morphine antinociceptive 
tolerance in rats, and whether the' reversal cor- 
relates with the inhibition of CaMKII activity 

Rats first were made morphine tolerant. 

30 At peak tolerance, KN93 was injected intrathecally 
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to the morphine-tolerant rats, before analgesic 
testing, to determine whether KN93 acutely reverses 
morphine tolerance. The KN93 dose response effect 
on reversing morphine tolerance was compared to its 
5 effect in inhibiting CaMKII activity. 

B. Tests and Data 

Bl. Expression of CaMKII in SH-SY5Y cells 

These tests investigated the expression of 

10 CaMKII in human neuroblastoma SH-SY5Y cells. SH- 
SY5Y cells were grown in Dulbecco's modxfied eagle 
medium (DMEM) supplemented with 10% fetal calf 
serum, 100 pg/ml streptomycin, and 100 units/ml 
penicillin (Wang et al., 2000). To detect the ex- 

15 pression of CaMKII, cells were harvested, homog- 
enized, and solubilized in RIPA buffer in the pres- 
ence of protease inhibitors (see Section C10) . 
After a 45-minute centrif ugat ion at 48,000 x g, 
aliquots of the supernatant sample (30 \iq total pro- 

20 tein) were used to detect the activated CaMKII 

(pCaMKII) by Western blotting (Section C10) using a 
polyclonal antibody recognizing CaMKII. Fig. 1 
illustrates detection of active CaMKII (pCaMKII) in 
SH-SY5Y human neuroblastoma cells by Western blot- 

25 ting method. A specific band at about 50 kd, corre- 
sponding to the pCaMKII a isoform, was detected in 
SH-SY5Y cells (Fig. 1). Whether CaMKII activity is 
regulated by morphine treatment also was examined. 
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B2 . Inhibition of intracellular cAMP accumulation 
by morphine 

Inhibition of cAMP accumulation was used 
to measure the activation of opioid receptors by 
5 morphine. SH-SY5Y cells were plated in 24 well 
dishes one week before the assay. For the cAMP 
assay, cells were incubated with 10 pM forskolin and 
250 \jlM 3-isobutyl-l-methyl'xanthine in the presence 
or absence of morphine (10 yM) at 37°C for 15 min- 

10 utes. Intracellular cAMP content was analyzed by a 
• radioimmunoassay. Fig. 2 shows that morphine in- 
hibited cAMP accumulation in SH-Sy5Y cells. Cells 
were incubated with 10 pM forskolin and 250 yxM 3- 
isobutyl-l-methylxanthine in the presence ("MS") or 

15 absence ("Control") of 10 yM morphine. Morphine 
significantly reduced cAMP accumulation 
( ***p<0 . 001 ) . In particular, morphine (10 pM) in- 
hibited cAMP accumulation by 63% (p<0.001), indic- 
ative of opioid receptor activation (Fig. 2). A 

20 dose-response curve for morphine was compared with 
its action on CaMKII. 

B3 . KN93 reverses an established morphine 
antinociceptive tolerance 

Tests were performed to determine whether 
25 spinally applied KN93, a CaMKII inhibitor, disrupts 
morphine antinociceptive tolerance in rats. Indi-. 
vidual groups of eight rats were implanted with 
i.th. catheters and allowed to recover for 5 to 7 
days. Then, the rats were implanted subcutaneously 
30 (s.c.) with either morphine (two 75 mg pellets/rat, 
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NIDA) or placebo pellets. Baseline nociception and 
morphine antinociceptive effects were tested prior 
to pelleting. Five days after pelleting, the rats 
were tested for latencies in tail-flick test using 
5 52°C warm water before and 30 minutes after i.th. 
acute injection of morphine (10 pg in 5 saline). 
Fig. 3 shows that chronic morphine treatment pro- 
duced antinociceptive tolerance to i.th. morphine 
(p<0.05). The reduced morphine antinociceptive. 

10 effect in morphine-pelleted rats ("MS") was reversed 
by i.th. administration of KN93 (15 nmol/5vil saline) 
15 minutes before the i.th. morphine (i.e., 45 min- 
utes before tail-flick testing) ( "MS/KN93" ) (*p<0.05 
compared to "Placebo" group; #p<0.05 compared to 

15 "MS" group) . Morphine had a significantly reduced 
antinociceptive effect in morphine-pelleted animals 
compared to the effect of morphine in rats received 
placebo pellets (Fig. 3), or prepelleting baseline 
. (data not shown) . 

20 These results indicate that the rats are 

morphine tolerant. Morphine antinociceptive toler- 
ance was blocked by administration of KN93 (15 nmol 
in 5:1 saline, i.th. injection) 15 minutes before 
acute challenge of morphine (Fig. 3). KN93 alone 

25 did not alter basal nociception, nor did KN93 affect 
morphine-antinocicept ion in naive rats (data not 
shown). In other experiments, the dose-response 
effect of KN93 in reversing or preventing morphine 
tolerance (by constructing and comparing dose- 

30 response curves of i.th. morphine),, and the dose 
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dependent inhibition of CaMKII activity, were 
investigated. 

B4 . Spinal CaMKII activity Is enhanced in morphine 
tolerance 

5 Tests were performed to determine the 

correlation between CaMKII activity and morphine 
tolerance. Fig. 4 shows that morphine treatment 
increased CaMKII activity. Lumbar spinal cord seg- 
ments were taken from placebo ("PB") or morphine 

10 ("MS") pelleted rats for the analysis of active 

CaMKII (pCaMKII). (3-Actin was used as the internal 
control for quantitative comparision between sam- 
ples. The average increase of CaMKII activity from 
two pairs of animals was 250%. Spinal CaMKII activ- 

15 ity, as measured by the active CaMKII (pCaMKII) con- 
tent, was increased (Fig. 4) in rats made tolerant 
to morphine as described in paragraphs C8 and B3 . 
Test results demonstrated the important role of 
CaMKII in opioid tolerance. The temporal correla- 

20 tion between morphine tolerance and changes in 

CaMKII activity and/or expression also were investi- 
gated. 

C. Research Design, Methods, and Rationale 

C4 through C12 disclose the methodology 
25 applied to test the ability of a CaMKII inhibitor to 
reduce tolerance to morphine and other opiate anal- 
gesics. 
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CI. 

Tests were performed to determine whether 
a clinically used opioid receptor agonist, i.e., 
morphine, activates CaMKII in the human neuroblas- 
toma SH-SY5Y cells. It was found that intracellular 
free calcium and calmodulin both increased after 
treatment with morphine in cultured cells. Based on 
these findings, - it was theorized that morphine acti- 
vates CaMKII. Accordingly, tests were performed to 
establish that CaMKII , in particular CaMKIIa, is 
activated by morphine. As described above, this 
test can be performed directly in animals. However, 
the experiments can be performed more rapidly in 
cell culture. The results of this test were com- 
pared to test results from in vivo studies. 

CIA. Experimental design to demonstrate the tinie 
course of CaMKII activation by morphine, and 
its reversal by naloxone 

Separate dishes of triplicate SH-SY5Y 
cells were treated with a high concentration of mor- 
phine (10 \iM) for various lengths of time (0, 0.5, 
1, 5, 10, 30, 60, 120, 240, 360 minutes) to deter- 
mine whether CaMKII is activated. At the end of the 
treatment, cells were harvested for analyses of 
CaMKII activity by Western blotting using an anti- 
body specifically recognizing activated CaMKII 
(pCaMKII). Samples also were analyzed using anti- 
bodies specific for total CaMKII and (3-actin, which 
were used for quantitative comparison between con- 
trol and treated groups. In a separate experiment, 
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when a maximum effect was observed, cells were 
incubated with morphine in the presence of the opi- 
oid receptor antagonist naloxone (10 pM) to verify 
that the effect of morphine is mediated by the opi- 
5 oid receptors. All experiments were repeated at 
least three times for statistical comparisons. 

CIB . The dose response-curve of morphine in 
activating CaMKII 

In these experiments, separate dishes of 
10 SH-SY5Y cells were treated with increasing concen- 
trations of morphine (0.1 nM to 100 pM) to determine 
the dose-dependent activation of CaMKII. The treat- 
ment time is the maximum effective time determined 
in Section CIA. All experiments were repeated at 
15 least three times for statistical comparisons. The 
effect of morphine on CaMKII was compared with its 
inhibition of cAMP accumulation in SH-SY5Y cells. 

CIC. The dose-response of morphine on the inhibition 
of cAMP accumulation 

20 These experiments correlate the effect of 

morphine on CaMKII with its activation of opioid re- 
ceptors, which together with the time course, demon- 
strate the mode of action of morphine on CaMKII 
activity. Individual groups of SH-SY5Y cells were 

25 treated with varying concentrations of morphine (0.1 
nM to 100 yM) to determine the maximum effect and 
the EC 5 o of morphine in inhibiting cAMP accumulation 
in these cells under the similar environment where 
activation of CaMKII was tested. All experiments 
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were repeated at least three times for statistical 
comparisons., 

C2. 

Tests were performed to confirm whether 
5 CaMKIl regulation is effected by an opioid agonist 
in vivo, and to correlate CaMKIl expression and 
activity temporally to opioid tolerance. Subcutan- 
eous implantation of morphine pellets (two 75 mg 
pellets) has been well established' to produce anti- 

10 nociceptive tolerance in rats (e.g., Koob - et al., 
1992; Fitzgerald et al., 1996). This model elim- 
inates possible opioid abstinence ' that can occur 
with intermittent administration methods, and min- 
imizes animal stress associated with other methods 

15 of handling and injecting, which could lead to 

associative learning and memory (Granados-Soto et 
al. , 2000) . 

Experimental Design: Individual groups of 
eight rats were prepared with i.th. catheters and 

20 allowed to recover for 5 to 7 days to ensure no 

motor deficiency due to catheter implantation. Rats 
then were implanted with morphine, or placebo pellets 
subcutaneously . Morphine antinociceptive tests were 
performed before pelleting' (day 0), and days 1, 3, 

25 5, and 7 after pelleting. Dose-response curves of 
morphine (i.th. bolus injections) were constructed 
in rats receiving placebo or morphine pelleted. A 
significant decrease in %MPE at given doses from the 
pre-pelleting baseline values signifies the develop- 

30 ment of morphine antinociceptive tolerance. CaMKIl 
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expression and activity in. lumbar segments of spinal 
cord was determined on days 0, 1, 3, 5, and 7 rela- 
tive to morphine pelleting in order to establish the 
time course, which was compared to the onset of opi- 
5 oid antinociceptive tolerance. 

Data interpretation: These studies 
temporally correlated CaMKII expression and/or 
activity with opioid tolerance. An increased CaMKII 
activity at different time points was expected. 

10 However, it was not known whether CaMKII activity 

precedes or follows the onset of morphine tolerance. 
If CaMKII is an important factor in promoting opioid 
tolerance, then elevated CaMKII activity should pre- 
cede the development of antinociceptive tolerance. 

15 Conversely, if CaMKII only is upregulated after the 
development of dependence, then its primary role is 
to maintain opioid tolerance.. A persistent change 
before and after the development of morphine toler- 
ance suggests that CaMKII is important in promoting 

20 and maintaining antinociceptive tolerance. 

C3 . 

Tests were performed to correlate inhibi- 
tion of CaMKII activity to the development of mor- 
phine antinociceptive tolerance. These studies 

25 established the role of CaMKII as a mediator of mor- 
phine antinociceptive tolerance. A selective CaMKII 
inhibitor (i.e., KN93) was employed to inhibit the 
spinal CaMKII, and CaMKII inhibition leading to re- 
versal of morphine tolerance was tested. KN93 has 

30 been used to inhibit CaMKII activity in vivo (Corsi 
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et al., 1998; Lu et al . , 2000). As a control, KN92, 
an inactive structural analogue of KN93, also was 
tested. 

C3A. Experimental design for inhibition of CaMKII by 
5 KN93 

Separate groups of eight rats were im- 
planted with i.th. catheters and allowed to recover 
for 5 to 7 days. Baseline nociceptive threshold was 
established prior to treatment . KN93 was adminis- 

10 tered by i.th. injection. At various treatment 

intervals (5, 15, 30, 60, 120 minutes) , rats were 
sacrificed and the spinal cord taken for Western 
blotting analyses of CaMKII activity (i.e., its 
expression and (3-actin content) . Based on published 

15- data, a starting dose of 15 nmol (water soluble 

form, Calbiochem; dissolved in 5 yl saline) was ad- 
ministered (Corsi et al., 1998; Lu et al-. , 2000). 
Lower and higher doses of KN93 were used to deter- 
mine the optimal dose for the inhibition of CaMKII. 

20 When the optimum dose was established, an expanded 
time course (up to 3 to 5 hours) was tested using 
the optimal dose, together with the negative control 
KN92 at the same dose. The dose and time course 
information were used to test the behavioral 

25 consequence of CaMKII inhibition by KN93. 



- 43 - 



C3B. Tests to demonstrate that KN93 reverses an 

established morphine antinociceptive tolerance 
in rats, and that the reversal correlates with 
inhibition of CaMKII activity 

5 Individual groups of eight rats were im- 

planted with i.th. catheters and allowed to recover 
for 5 to 7 days. The rats then were implanted, with 
morphine or placebo pellets subcutaneously. At peak 
tolerance, determined as set forth above, KN93, 

10 KN92, or saline, was injected i.th. to the morphine- 
tolerant animals 15 minutes (i.e., 45 minutes before 
analgesic testing) before an i.th. challenge with 
acute morphine, to determine whether KN93 can acute- 
ly reverse morphine tolerance. KN93 dose-response 

15 effect was determined and compared to its effect in 
inhibiting CaMKII activity. 

Data interpretation: A full dose response 
curve of KN93 was constructed and compared for its 
effects on morphine tolerance and spinal CaMKII in- 

20 hibition. KN93 is the most selective, cell-perme- 
able CaMKII inhibitor presently available. KN93 
does not inhibit PKC or protein kinase A at doses 
administered. To ensure selectivity of KN93, how- 
ever, the following tests were performed: 1) use 

25 the lowest possible doses that produce inhibition of 
spinal CaMKII and blockade of tolerance; and 2) 
administer the maximum dose of KN92 in experiments 
where KN93 is used. No available data supports a 
conclusion that KN93 inhibits PKC. However, because 

30 inhibition of PKC potentially modulates morphine 

antinociceptive tolerance, it was important to con- 
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firm that the effect of KN93 was not attributed to 
inhibition of PKC . 

C4 . Cell Culture and morphine treatment 

Human neuroblastoma SH-SY5Y cells were 
5 maintained as a monolayer culture in Dulbecco's mod- 
ified eagle medium (DMEM) supplemented with 10% 
fetal calf serum, 100 pg/ml streptomycin, and 100 
• units/ml penicillin in 5% carbon dioxide,; incubator 
maintained at 37°C (Wang et al., 2000). Ceils were 
10 plated into 'flasks a week before experiments. 

■Treatments were terminated at the. designated times 
..by replacing the medium with ice-cold phosphate buf- 
fered saline (PBS) on ice and subsequently rinsed 
with PBS three times. Cells then were used for cAMP 
15 assay or harvested as described in Section C10~ 

C5 . Assay of cAMP accumulation 

SH-SY5Y cells were plated into 24 well 
dish (17mm in diameter) a week before the testing. 
For cAMP assays, monolayer cells were washed with 

20 PBS and incubated in serum-free DMEM medium at 37 °C 
for 15 minutes in the presence of 10 pM forskolin 
and 250 pM 3-isobutyl-l-methylxanthine (IBMX) with 
or without morphine. The reaction was quenched by 
adding hydrochloric acid (HC1) to a final concentra- 

25 tion of 0.1 N , and intracellular cAMP was extracted 
and assayed using a radioimmunoassay (Amersham, 
Piscataway, NJ) as described previously (Wang et 
al. , 1994) . 
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C6 . Animals 

Male Sprague-Dawley rats (250-350 g) were 
used in all experiments. 

C7 . Intrathecal catheter placement 

5 For i.th. drug administration, rats were 

prepared according to the method described by Sakura 
et al. (1996). While under isoflurane anesthesia, 
an 8 cm length of PE10 tubing (32 gauge) was in- 
serted through an incision made in the atlanto- 

10 occipital membrane to the level of the lumbar en- 
largement. The catheter then was secured to the 
musculature at the site of incision, which then was 
closed. The rats were allowed 5 to 7 days to re- 
cover before experiments begin. Rats exhibiting 

15 signs of motor deficiency were euthanized. Intra- 
thecally administered substances were dissolved in 
saline and administered in a volume of 5 yl through 
a tubing with calibrated length connecting the i.th. 
catheter with the injection syringe. Progress of 

20 the injection was monitored carefully by observing 
the movement of a small air bubble (1 pi in volume) 
through the tubing. The catheter was cleared by 
flushing with 9 \il saline. In all cases, a dye was 
injected into the cannula at the termination of the 

25 experiment to ensure correct i.th. placement. 

C8 . Morphine pellet implantation 

To induce opioid tolerance, rats were sub- 
cutaneously implanted with two morphine pellets or 
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placebo pellets (75 mg morphine base in each pellet; 
placebo contains no morphine; National Institute on 
Drug Abuse, Rockville, MD) according to well-estab- 
lished protocols (e.g., Koob et al . , 1992; Fitz- 
5 gerald et al., 1996). Briefly, while under iso- 
flurane anesthesia, a 1.5 cm incision was made on 
the back of the animal. Morphine and placebo 
pellets were implanted into the subcutaneous space 
. and the incision was closed with wound clips. These 
10 pellets were left for less than 7 days unless other- 
wise indicated. 

C9. Tissue dissection for Western blotting and 
enzymatic assays 

Rats were sacrificed by carbon dioxide 
15 inhalation and decapitated.- The spinal column was 
cut through at the S1/S2 level. A 16-gauge needle 
was inserted in the sacral vertebral canal, attached 
to a syringe containing ice-cold saline, and the 
spinal cord was ejected through the cervical open- 
20 • ing. The spinal cord was placed on ice in a glass 
Petri dish and rapidly dissected using a dissecting 
microscope. For consistency, the lumbar enlargement 
corresponding to the LI to L6 spinal segments was 
excised and used for all assays. Tissue samples 
25 were frozen immediately in liquid nitrogen and 

stored at -80°C. For PKC enzymatic assays, fresh 
tissues were used. 
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CIO. Analyses of CaMKII expression and activity by 
Western blot analysis 

Spinal segments or harvested S&-SY5Y cells 
were homogenized on ice in RIPA buffer (1% NP-40, 
5 0.5% sodium deoxycholate, 0.1% sodium dodecyl sul- 
fate (SDS), 5 mM EDTA in PBS, pH 7.4) (3ml/g wet 
tissue, or 0.6ml/10 cm dish) in the presence of pro- 
tease inhibitors (0.05 mg/ml pepstatin, 0.05 mg/ml 
aprotinin, 0.1 mg/ml phenylmethylsulf onyl fluoride). 

10 This preparation then was incubated on a rotator at 
4°C for hours, and centrifuged at 48,000 X g to 
remove the insoluble pellet. The supernatant was 
diluted in PBS for the measurement of protein con- 
tent using a modified Bradford method and subject to 

15 separation by SDS-polyacrylamide gel electrophoresis 
(PAGE) . For SDS-PAGE, supernatant samples were 
heated at 70°C for 10 minutes in the loading buffer 
(2% SDS, 10% glycerol, 1% 2-mercaptoethanol , 0.01% 
bromophenol blue, 12 . 5 mM Tris-HCl, pH6.8), and 10- 

20 30 yg samples were loaded to each* lane. Protein 
•sizes were identified by protein weight markers 
(GIBCIO) loaded with samples on every gel. SDS-PAGE 
was performed under 100-140 V for 1-2 hours, and at 
the end of electrophoresis, the gel was disassembled 

25 and electroblotted onto PVDF membrane in Tris(25 

mM) /SDS (0.1%) /glycin (192 mM) /methanol (20%) buffer. 
•The membrane was washed and blocked in 5% nonfat 
milk in Tris (20 mM) -buffer saline (pH 7.6) with 
0.1% Tween 20 (TTBS) for 2 hours, before incubated 

30 with a polyclonal antibody recognizing CaMKII a 

isoform from human, mouse, and rat tissues (1:500, 
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Santa Cruz Biotechnology, Santa Cruz, CA) , or a 
polyclonal antibody that recognizes active (pT286) 
CaMKII (pCaMKII) (1:3,000, Rromega, Madison, WI). 
After three washes with TTBS, the membrane was 
5 incubated with horseradish peroxidase-linked donkey 
antirabbit IgG (1:1,000-5,000), and the blot was 
washed 3 more times with TTBS, and developed using 
ECL method (Amersham, Piscataway, NJ) . To control 
the amount of proteins in each sample, all membranes 
10 . were probed with a monoclonal antibody against (3- 
actin (Sigma, 1:20,000). ECL-detected bands were 
analyzed using a densitometer and' Quantity One 
analysis program (BioRad, Hercules, CA) . 

Cll. Evaluation of morphine analgesia and 
15 antinociceptive tolerance 

Latency to warm water tail withdrawal re- 
sponse was determined in the manner described previ- 
ously (Wang et al., 2001, Vanderah et al., 2001). 
The one-third of distal tail was immersed into a 

20 water bath maintained at 52°C. The latency to a 

rapid tail flick was recorded before and after i.th. 
morphine injection. A maximal cutoff of 10 seconds 
was applied to prevent tissue damage and was appro- 
priate as the mean control latency is about 3-4 

25 seconds. The data were converted to %MPE (maximal 
possible effect), defined as 100 x ( test-con.trol ) /- 
(cutoff -control ) , where control was the predrug ob- 
servation, test was the postdrug observation, and 
cutoff was 10 seconds. Dose-response curves were 

30 generated over time to determine the time of peak 
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effect, the dose producing 50% MPE (A 50 ) , and its 
confidence intervals (Tallarida et al., 1986). A 
significant decrease in response values (%MPE) from 
the pre-morphine baseline values signified the 
5 development of opioid antinociceptive tolerance. 

Additional .in vivo tests corroborated 
• initial test results showing that administration of 
a CaMKII inhibitor reduces or eliminates opioid 
tolerance and dependence. For example, in a mouse 

10 model of opioid tolerance due to chronic treatment 
. with morphine (s.c. implantation of 75 mg con- 
trolled-release pellet, for up to seven days) , 
morphine (given i.w, i.th., or perperally) produced 
significantly reduced antinociceptive effects (Fig. 

15 5). Fig. 5 shows that KN93 dose-dependently re- 
verses established opioid tolerance in a chronic 
model of opioid tolerance. Administration of a 
CaMKII inhibitor, i.e., KN93, effectively reversed 
the established tolerance to opioids (Fig. 5). The 

20 effect of KN93 is dose dependent. The same chronic 
treatment with morphine also produced drug depen- 
dence in mice, which was also reversed by acute 
administration of CaMKII inhibitors. 

Acute tolerance and dependence model is a 

25 method commonly used by researchers. In this model, 
opioid tolerance and dependence are induced by a 
single s.c. injection of morphine (100 mg/kg) . KN93 
prevented the development of opioid tolerance and 
dependence when administered simultaneously with 

30 morphine (Figs. 6 and 7). Fig. 6 shows that KN93 
prevents opioid tolerance in an acute model of 
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opioid tolerance. A close analogue, but inactive 
form KN92, does not affect opioid tolerance. Fig. 7 
shows that KN93 dose-dependently prevents opioid 
dependence in an acute model of opioid dependence. 
5 In addition, the CaMKII inhibitor KN93 also was 

effective in reversing an already-established toler- 
ance or dependence in the model (Figs. 8 and 9). 
Fig. 8 shows that KN93 dose-dependently reverses 
established opioid tolerance in an acute: model of 
10 opioid tolerance. Fig. 9 shows that KN93 dose- 
dependently reverses established opioid dependence 
in an acute model of opioid dependence. All effects 
are dose-dependent on the magnitude of inhibition of 
CaMKII . 

15 

The test results clearly demonstrate that 
a CaMKII inhibitor, e.g., KN93, does not. affect mor- 
phine-induced analgesia. This is an important clin- 
ical finding because administration of a. CaMKII 

20 inhibitor combined with administration of morphine 
does not interfere with the acute* therapy of opiate 
analgesics and does not affect pharmacological 
actions of morphine. 

On the basis of these test results, a 

25 CaMKII inhibitor reduces the dose of morphine and 
• still produces same degree- of analgesic action of 
morphine in opioid-tolerant state compared to a 
higher dose of morphine used alone. Lowering the 
dose of morphine can- significantly reduce the addic- 

30 tion potential of morphine in patients. 



- 51 - 



These findings demonstrate that, when 
administered with a CaMKII inhibitor, morphine and 
other opiate analgesics produce significant anal- 
gesia using a lower dose of analgesic, and, there- 
5 fore, the addiction potential of the opiate anal- 
gesic is reduced. These observations also indicate 
that the duration of the analgesic response of mor- ■ 
phine can be significantly increased by administra- 
tion of a CaMKII inhibitor. 

10 The tests and data set forth herein show 

that a combination of an opiate analgesic and a 
CaMKII inhibitor can be administered to mammals in 
methods of treating pain. The opiate analgesic and 
a CaMKII inhibitor can be formulated in suitable 

15 excipients to provide a ^composition for oral admin- 
istration or parenteral administration, for example. 
Such excipients are well known in the art. The 
active agents typically each are present in such a 
composition in an amount of about 0.1% to about 75% 

20 ' by weight, either alone or in combination. 

Pharmaceutical compositions containing the 
active agents, i.e., an opiate analgesic and a 
CaMKII inhibitor, are suitable for administration to 
humans or other mammals. Typically, the 

25 pharmaceutical compositions are sterile, and contain 
no toxic, carcinogenic, or mutagenic compounds that 
would cause an adverse reaction when administered. 

The present method can be accomplished 
using the active agents as described above, or as a 

30 physiologically acceptable salt, prodrug, or solvate 
thereof. The active agents, salts, prodrugs, or 
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solvates can be administered as the neat compounds, 
or as a pharmaceutical composition containing either 
or both entities. 

The active agents can be administered by 
5 any suitable route, for example by oral, buccal, 

inhalation, sublingual, rectal, vaginal, intracis- 
ternal through lumbar puncture, transurethral, 
nasal, percutaneous, i.e., transdermal, or parenter- 
al (including intravenous, intramuscular, subcutane- 

10 ous, and intracoronary ) administration. Parenteral 
administration can be accomplished using a needle 
and syringe, or using a high pressure technique, 
like POWDERJECT™. • Administration of the active 
agents can be performed before, during, or after the 

15 onset of pain. 

The pharmaceutical compositions include 
those wherein the active ingredients are adminis- 
tered in an effective amount to achieve their in- 
tended purpose. More specifically, a "therapeu- 

20 tically effective amount" means an amount effective 
to prevent development of, to eliminate, or to 
alleviate pain. Determination of a therapeutically 
effective amount is well within the capability of 
those skilled in the art, especially in light of the 

25 detailed disclosure provided herein. 

A "therapeutically effective dose" refers 
to the amount of the active agents that results in 
achieving the desired effect. Toxicity and thera- 
peutic efficacy of such active agents can be deter- 

30 mined by standard pharmaceutical procedures in cell 
cultures or experimental animals, e.g., determining 
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the LD 50 (the dose lethal to 50% of the population) 
and the ED 50 (the dose therapeutically effective in 
50% of the population) . The dose ratio between 
toxic and therapeutic effects is the therapeutic 
5 index, which is expressed as the ratio between LD 50 
and ED 50 . A high therapeutic index is preferred. 
The data obtained from such data can be used in 
formulating a range of dosage for use in. humans: 
The dosage of the active agents preferably lies 
10 within a range of circulating concentrations that 
include the ED50 with little or no toxicity. The 
dosage can vary within this range depending upon the 
dosage form employed, and the route of administra- 
tion utilized. 

15 The exact formulation, route of adminis- 

tration, and dosage is determined by an individual 
physician in view of the patient's condition. Dos- 
age amounts and intervals can be adjusted individ- 
ually to provide levels of active agents that are 

20 sufficient to maintain therapeutic or prophylactic 
effects. 

The amount of active agents administered 
is dependent on the subject being treated, on the 
. subject's weight, the severity of the affliction, 
25 the manner of administration, and the judgment of 
the prescribing physician. 

Specifically, for administration to a - 
human in the curative or prophylactic treatment of 
pain, oral dosages of an opiate analgesic and a 
30 CaMKII inhibitor, individually, generally are about 
10 to about 200 mg daily for an average adult pa- 



tient (70 kg) , typically divided into two to three 
doses per day. Thus, for a typical adult patient, 
individual tablets or capsules contain about 0.1 to 
about 200 mg opioid analgesic and about 0.1 to about 
50 mg CaMKII inhibitor, in a suitable pharmaceuti- 
cally acceptable vehicle or- carrier, for administra- 
tion in single or multiple doses, once or several 
times per day. Dosages for intravenous, buccal, or 
sublingual administration typically are about 0.1 to 
about 10 mg/kg per single dose as required. In 
practice, the- physician determines the actual dosing 
regimen that is most suitable for an individual pa- 
tient, and the dosage varies with the age, weight, 
and response of the particular patient. The above 
dosages are exemplary of the average case, but there 
can be individual instances in which higher or lower 
dosages are merited, and such are within the scope 
of this invention. 

The active agents of the present invention 
can be administered alone, or in admixture with a 
pharmaceutical carrier selected with regard to the 
intended route of administration and standard pharm- 
aceutical practice. Pharmaceutical compositions for 
use in accordance with the present invention thus 
can be formulated in a conventional manner using one 
or more physiologically acceptable carriers compris- 
ing excipients and auxiliaries that facilitate pro- 
cessing of the active agents into preparations that 
can be used pharmaceut ically . 

These pharmaceutical compositions can be 
manufactured in a conventional manner, e.g., by con- 
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ventional mixing, dissolving, granulating, dragee- 
making, emulsifying, encapsulating, entrapping, or 
lyophilizing processes. Proper formulation is de- 
pendent upon the route of administration chosen. 
5 When a therapeutically effective amount of the 

active agents are administered orally, the composi- 
tion typically is in the form of a tablet, capsule, 
powder, solution, or elixir. When administered in 
tablet form, the composition can additionally con- 

10 tain a solid carrier^ such as a gelatin or an adju- 
vant. The tablet, capsule, and powder contain about 
5% to about 95% of an active agent of the present 
invention, and preferably from about 25% to about 
90% of an active agent of the present invention. 

15 When administered in liquid form, a. liquid carrier, 
such as water, petroleum, or oils of animal or plant 
origin, can be added. The liquid form of the compo- 
sition can further contain physiological saline 
solution, dextrose or other saccharide solutions, or 

20 glycols. When administered in liquid form, the com- 
position contains about 0.5% to about 90% by weight 
of active agents, and preferably about 1% to about 
50% of an active agents. 

When a therapeutically effective amount of 

25 the active agents is administered by intravenous, 
cutaneous, or subcutaneous injection, the composi- 
tion is in the form of a pyrogen-f ree, parenterally 
acceptable aqueous solution. The preparation of 
such parenterally acceptable solutions, having due 

30 regard to pH, isotonicity, stability, and the like, 
is within the skill in the art. A preferred compo- 
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. sition for intravenous, cutaneous, or subcutaneous 
injection typically contains, in addition to a com- 
pound of the present invention, an isotonic vehicle. 

Suitable active agents can be readily com- 
5 bined with pharmaceut icaliy acceptable carriers 
well-known in the art. Such carriers enable the 
. active agents to be formulated as tablets, pills, 
dragees, capsules, liquids, gels, syrups, slurries, 
suspensions and the like, for oral ingestion by -a 

10 patient to be treated. Pharmaceutical preparations 
for oral use can be obtained by adding the active 
agents with a solid excipient, optionally grinding, 
the resulting mixture, and processing the mixture of 
granules, after adding suitable auxiliaries, if de- 

15 sired, to obtain tablets or dragee cores'. Suitable 
excipients include, for example, fillers and cellu- 
lose; preparations. If desired, disintegrating 
agents can be added. 

The active agents can be formulated for 

20 parenteral administration by injection, e.g., by 
bolus injection or continuous infusion. Formula- 
tions for injection can be presented in unit dosage 
form, e.g., in ampules or in multidose containers, 
with an added preservative. The compositions can 

25 take such forms as suspensions, solutions, or emul- 
sions in oily or aqueous vehicles, and can contain 
.formulatory agents, such as suspending, stabilizing, 
and/or dispersing agents. 

Pharmaceutical compositions for parenteral 

30 .administration include aqueous solutions of the 

active agent in water-soluble form. Additionally, 



suspensions of the active agents can be prepared as 
appropriate oily injection suspensions. Suitable 
lipophilic solvents or vehicles include fatty oils 
or synthetic fatty acid esters. Aqueous injection 
suspensions can contain substances which increase 
the viscosity of the suspension. Optionally, the 
suspension also can contain suitable stabilizers or 
agents that increase the solubility of the compounds 
and allow for the preparation of highly concentrated 
solutions. Alternatively, a present composition can 
be in powder form for constitution * with a suitable 
vehicle, e.g., sterile pyrogen-free water, before 
use . 

The active agents also can be formulated 
in rectal" compositions, such as suppositories or 
retention enemas, e.g., containing conventional 
suppository bases. In addition to the formulations 
described previously, the active agents also can be 
formulated as a depot preparation-. . Such long-acting 
formulations can- be administered by implantation 
(for example, subcutaneously or intramuscularly) or 
by intramuscular injection. Thus, for example, the 
active agents can be formulated with suitable poly- 
meric or hydrophobic materials (for example, as an 
emulsion in an acceptable oil) or. ion exchange 
•resins, or as sparingly soluble derivatives, for 
example, as a sparingly soluble salt. 

In particular, the active agents can be 
administered orally, buccally, or sublingually in 
the form of tablets containing excipients, such as 
starch or lactose, or in capsules or ovules, either 



alone or in admixture with excipients, or in the 
form of elixirs or suspensions containing flavoring 
or coloring agents. Such liquid preparations can be 
prepared with pharmaceutically acceptable additives, 
such as suspending agents. An active agent also can 
be injected parenterally, for example, intravenous- 
ly, intramuscularly, subcutaneous ly, intrathecal ly , 
intracisternally , or intracoronarily . For parent- 
eral administration, the active agent is best used 
in the form of a sterile aqueous solution which can 
contain other substances, for example, salts, or 
monosaccharides, such as mannitol or glucose, to 
make the solution isotonic with blood. 

For veterinary use, the active agents are 
administered as a suitably acceptable formulation in 
accordance with normal veterinary practice. The 
veterinarian can readily determine the dosing regi- 
men and route of administration that is most appro- 
priate for a particular animal. 

As stated above, morphine is one of the 
most potent analgesics, and is widely used for pain 
management in several disease conditions, including 
cancer. A major problem in the use of morphine, and 
other opiate analgesics, is their potential to pro- 
duce sedation tolerance/dependent, and respiratory 
depressions,, and to cause addiction. 

It has been discovered that using a CaMKII 
inhibitor alone or in combination with an opiate 
analgesic prevents, or reverses, tolerance to opioid 
analgesics, thus potentiating the analgesic action 
of the analgesic. The combined opiate analgesic- 
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CaMKII inhibitor treatment can be used, for example, 
in cancer pain, neuropathic pain, .and other chronic 
pain syndromes. 

By using less morphine, the addiction 
potential of an opiate analgesic in patients can be 
reduced significantly. The- administration ' of a 
CaMKII inhibitor to an individual undergoing opiate 
analgesic treatment, therefore, reduces or elimi- 
nates tolerance to opiate analgesics. 
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